Résumé. 2014 Des méthodes de quantification de la morphologie bi-et pseudo tri-dimensionnelle de particules présentant un large spectre de forme et de structure sont présentées. Ces méthodes sont appliquées pour mieux comprendre les phénomènes intervenant dans différents procédés mis en oeuvre en technologie des poudres (précipitation, cristallisation, broyage).
Introduction
Morphology is becoming a key-word in powder technology as this characteristic affects many enduse properties of the final products. It controls filtrability of slurry, flowability and compressibility of powders [1] , grindability [2] ....
In precipitation and crystallization morphology can be modified by varying operation conditions such as concentration of reactants, presence of additives or impurities, temperature, viscosity, reactor design (mixing characteristics, position of feed jets) or control (adjustment of reactant feedrates). In grinding processes the examination of fragments help to understand the size reduction phenomena (fracture, attrition, shearing): these equipments are large consumers of energy and such knowledge is useful in the design of more efficient mills and the selection of their operation parameters. The 2D shape descriptors are generally based on the silhouette of the particle [3] or on its contourline [3] [4] [5] [6] [7] [8] . Relief (Fig. la) , automatic threshold, manual correction of the contour (when necessary) with the cursor (~ image C) and hole filling, a binary image B is obtained: it contains the crystal silhouette (Fig. 1b) . A logical operation between B and C provides image D containing the particle facets: D = B -C (Fig. 2a) . Good contrast is achieved with the light microscope: a threshold of image A at a preset value is sufficient to obtain, after hole filling and removal of debris (erosion + reconstruction procedure) and objects in contact with the image frame, the binary image B. The particle borderline is calculated from image B and vectorized: the particle convex hull tic (image E) is determined from the obtained set of vectors (Fig. lc) . The particle silhouette is compared to its convex hull tic (image E, Fig. lc) . l..1et w1 and W2 be, respectively, the number of erosions necessary to eliminate completely the particle silhouette and its residual set with respect to He (of surface Se). Two size-invariant shape descriptors are computed: Q 1 = 203C91/S, which characterizes the particle robustness and 03A92 = 2w2 VS, which measures the largest concavity. A surface concavity index, which quantifies globally the silhouette concavity is also computed: CI = 5'/5c. [9] . In many cases 2D-descriptors are sufficient to distinguish between crystal habits [10] .
Calcium oxalate crystals are such an example (Fig. 3 ). COM1 and COM1 correspond to the same crystals but resting on a different facet: both facets yield to an equivalent stability position of the. crystal on the membrane. The combination, through a Principal Components Analysis procedure, of aspect ratio, 01, 03A92 and CI yields to a representation in the f1 -f2 space of a set of 80 crystals obtained in experiments run under different strategies for CaCl2 feeding (Fig. 4) : fi and f2 are the two major principal components, used to more than 90% of the total variance.
In the case of other precipitations such as the one of BaS04, 2D-descriptors may not be sufficient to provide a complete description of the particles. The inclusion of 03BE in the set of shape descriptors is useful to discriminate between the different pyramidal shapes shown in Figure 5 (Tab. I). 4.2 CRYSTALLIZATION. -In crystallization processes the presence of impurities in the solutions induces the modification of the crystal habits. In the case of sugar, substances such as dextrane or raffinose are known to affect the elongation of sucrose crystals. The degree of agglomeration is also important to assess the product quality (Figs. la and 6 ). Figure 5 . selection of the shape descriptors should be made: discrimination between monocrystals, and twinned crystals or agglomerates is not possible based solely on a parameter such as C (circularity), which includes information on both elongation and concavity. On the contrary a degree of agglomeration can be computed based on O2, as the agglomerates are concave particles: This information can be obtained easily by optical microscopy. SEM provides more insight into the complexity of agglomerates, at the expense of the time required for image capture. It can be seen that there is a relation between the degree of agglomeration and the simplicity.
Similarly the descriptor CI can be used to have a rapid quantification of the degree of agglomeration, as shown in Figure 7 . The degree of agglomeration is related to process conditions such as initial seeding, as shown in the following example (cf. Sect. 4.3). [11] . Finally the shape of fragments produced during grinding can also be examined to help to understand the phenomena taking place in the grinding chamber [12] . 5 . Conclusions
The quantification of particle shape using methods based on image analysis is nowadays available. Depending upon the particle size optical microscopy or SEM can be used. In the general case, i. e. when a broad shape range is expected, a set of shape descriptors has been shown to provide a sufficient description of the morphology of crystalline particles. In specific cases, special procedures can be sought to have a more precise description of the habit [7, 13] .
It is clear that, actually, the off-line treatment rate is not high enough to reach the statistical accuracy obtained by classical particle sizers on large samples. But those particle sizers, although providing shape-dependent size measurements, cannot give any information of this shape. Optical microscopy can be used on-line, although the problem of automatic sampling is far to be fully solved. There is also hints of the possible development of in-situ microscopes [14] , especially for application in crystallization. In spite of those difficulties the information on morphology is of prime importance for researchers and production engineers and should be more systematically sought and used for process improvement.
